Seventy-one (71) food samples were analyzed for the mycotoxin fumonisin by a monoclonal antibody based competitive enzyme-linked immunosorbent assay (ELISA). Fumonisins were detected primarily in corn-based products with 7/12. 212 and 1/3 and 1/7 yellow cornmeal, blue cornmeal, corn muffin mix, and mixed grain cereal samples yielding positive results, respectively. When the positive samples and randomly selected negative samples were assessed by other methods, correlations (r values) between ELISA and gas chromatography-mass spectrometry (GC-MS), ELISA and high-pressure liquid chromatography (HPLC) and GC-MS and HPLC were 0.478 (p < 0.05), 0.512 (p < 0.05), and 0.946 (p < 0.01), respectively. The results suggested that although the immunoassay could be used for screening of fumonisin in food samples, higher estimates were attained by ELISA than by the other two methods particularly in the more contaminated samples. These observations may result from differences in sample preparation among the methods or because of the presence of structurally related compounds in extracts that are detectable by ELISA but not the other two methods.
The fumonisins are mycotoxins produced primarily by Fusarium moniliforme which have been epidemiologically and experimentally associated with equine leukoencephalomacia (ELEM) (9, 11, 19, 33, 34) and porcine pulmonary edema syndrome (3, 7, 8, 15, 20) . In addition, fumonisin BI (FBI) can induce toxic effects in poultry (10, 32) and hepatic cancer in rats (4) (5) (6) . Also, fumonisin levels in corn-based food have been associated with an increased risk of human esophageal cancer in the Transkei region in the Republic of South Africa (18, 28, 29) . Since FBI and other fumonisins occur worldwide in corn-based feed (13, 21, 22, 25, 26, 31) and in corn foodstuffs (16, 24, 27, 29) , it is necessary to routinely screen for their presence in the food supply. Recently, FBI has been shown to be produced by other Fusarium species (10, 14, 30) and by Alternaria alternata (2) and to occur in forage grasses (12) suggesting the need to determine if fumonisins occur in other foods.
We have described previously the production of monoclonal antibodies which enable the detection of total fumonisins (FBI' FBz' FB 3 ) in a competitive direct enzymelinked immunosorbent assay (ELISA) (1) . The purpose of this study was to: (i) compare detection of fumonisins in food by ELISA to existing chemical methods and (ii) conduct a survey of U.S. grain-based products for the presence of fumonisin.
MATERIALS AND METHODS

Samples
Seventy-one (71) samples that included corn and wheatbased food products were purchased from Mid-Michigan retail grocery outlets and natural food stores during 1991.
Fumonisin standards
For ELISA and gas chromatography-mass spectrometry (Ge-MS), fumonisin B, was purified from culture filtrates by extraction with an equal volume of n-butanol. The evaporated butanol extract was then purified further by preparative reverse-phase high-pressure liquid chromatography (HPLC) on a C 18 column and purity verified as reported previously (17) . Fumonisin B, was eluted from the HPLC column with acetonitrile-water-acetic acid (70:30:0.1). For analytical HPLC, fumonisin standards were obtained from Council for Scientific and Industrial Research (CSIR, Pretoria, South Africa). Purity was verified as previously described (4).
Competitive direct ELiSA
Samples were extracted by shaking with 5 volumes (wt/vol) of 50% acetonitrile for 45 min. After centrifugation, 2 ml of supernatant was diluted with 6 ml of water and assayed by ELISA. Monoclonal antibodies and FB,-horseradish peroidase conjugate (FB,-HRP) were prepared and ELISA performed as described by Azcona-Olivera et al. (1) consecutively to each well. After 1 h of incubation at 37°C, plates were washed and bound peroxidase was determined with 2,2'-azinobis (3-ethylbenzathazoline) sulfonic acid substrate. Fumonisin concentration was determined from standard curves relating absorbance to fumonisin standard. The ELISA had a detection limit of 200 ng/g. Relative cross-reactivity for the monoclonal-based ELISA has been previously reported to be 100, 87, and 40% for FB" FB2' and FBJ' respectively.
GC-MS
The method of Plattner and Branham (17) was used for GC-MS analyses of food samples. Samples were ground, thoroughly mixed, and a lO-g subsample was extracted with 50 ml of acetonitrile/water with shaking. A portion of each extract was filtered though Whatman No. 1 filter paper into a 20-ml vial and frozen until analyzed. For hydrolysis GC/MS, a typical sample preparation was as follows: 100 ng of D6 labeled fumonisin BI was added to an aliquot of extract (0.1 g equivalent--500 Ill) as an internal standard. One milliliter of 2 N KOH was then added, and the sample was heated at 70°C for 2 h. The resulting mixture was then acidified to pH 4 with 0.1 N HCl and washed though a I-in. column of XAD-2 in a disposable 4.0-ml syringe barrel. The column was washed with 8 ml water, and the hydrolyzed material was then eluted with 8 ml methanol. The methanol was evaporated under nitrogen, and the resulting residue was dissolved in 1.0 ml methanol. An aliquot of this fraction (usually 0.1 m!) was transferred to a vial, evaporated to dryness; and trifluoroacetate derivatives were prepared by adding 100 III n-methyl-bistrifluoroacetamide (Pierce, Rockford, IL) and heated at 70°C for 2 h. One-microliter aliquots of trifluoroacetate derivatives were analyzed by GC/MS. Samples were injected splitless into a 30-m fused-silica capillary column (DB5, 0.25 Ilm -J & W Scientific, Rancho Cordoba, CA) at 80°C. The column was held at 80°C for 1 min and then programmed at 20°C per min to 200°C and finally programmed at 5°C per min to 270°C. The temperature of the injection port was 250°C and that of the transfer oven was 270°C. The mass spectrometer was operated in the negative chemical ionization mode. The reagent gas was methanol (0.5 torr). Full scans from mlz 700-1100 (in 0.5 s) were recorded. Detection limit for the method was 100 ng/g.
HPLC
HPLC of fumonisin BI and B 2 was performed according to the method of Shephard et al. (23) . Subsamples (25 g) were extracted with methanol:water (3: 1) by blending for 3 min, using a laboratory homogenizer. The blended extracts were centrifuged (10 min, at 500 g, and ca. 4°C), and the supernatant filtered through Whatman No. 4 filter paper. A lO-ml aliquot of the resulting filtrate was applied to a Bond-Elut strong anion-exchange cartridge previously conditioned by the successive passages of methanol (5 m!) and methanol:water (3: I, 5 m!). Subsequently, the cartridge was washed with methanol:water (3:1, 8 m!), followed by methanol (3 ml), and fumonisins eluted with 0.5% acetic acid in methanol (14 ml). The eluate was evaporated to dryness, under a low flow of nitrogen, and the residue redissolved in 200 III methanol. A 50-Ill aliquot of the eluate was derivatized by addition of 200 III o-phtaldialdehyde (OPA) solution prepared by dissolving 40 mg OP A in 1 ml methanol and adding 5 ml 0.1 M sodium tetraborate, and 50 III of 2-mercaptoethanol. The OPAfumonisins derivatives (10 Il!) were analyzed, using a reversedphase HPLC/fluorescence detection system.
The HPLC system consisted of a 2150 LKB pump (Bromma, Sweden), and a 7125 Rheodyne injector was connected to a MPF-44 B fluorimetric detector (Perkin Elmer, Norwalk, CT) monitored at excitation and emission wavelengths of 335 and 440 nm, respectively. The separations were performed on a stainless steel column (25 cm x 3.2 mm inside diameter) packed with Spherisorb ODS2, 5 Ilm C18 reversed-phase material (Merck & Co., Darmstadt, Germany), using as the mobile phase methanol:O.1 M sodium dihydrogen phosphate (75:25) adjusted to pH 3.35 with orthophosphoric acid, at a flow rate of I ml min-I. The fumonisins quantification was done by the peak height measurement and comparison with fumonisin standards. Sensitivity of this method has been previously reported to be 50 ng/g.
RESULTS AND DISCUSSION
Seventy-one (71) food samples were analyzed for fumonisin by ELISA. As expected, fumonisins were detected primarily in corn-based products although one mixed grain cereal also yielded a positive result at >0.2 Ilg/g level ( Table 1 ). The percent positive samples were 58, 100, and 33 for yellow cornmeal, blue cornmeal, and corn muffin mixes, respectively. The II positive samples and 9 of the negative samples were analyzed by GC-MS and HPLC (Table 2 ). Correlations were found between ELISA and GC-MS (r = 0.478; P < 0.05), ELISA and HPLC (r = 0.512; P < 0.05) and GC-MS and HPLC (r = 0.946; P < 0.01). The results suggested that higher estimates were attained by ELISA than by the other two methods particularly in the more highly contaminated samples. Six samples that yielded conflicting results could be identified in Table 2 , when assuming as negative the samples with fumonisin concentrations <0.2 Ilg/g. In particular, positive results were recorded for sample number 10 (corn muffin) by HPLC, for sample numbers 8 (corn muffin mix), and 13 (multi grain cereal) by ELISA and for sample numbers 15 (7-grain cereal), 16 (self-rising flour) and 17 (unbleached flour) by GC/MS, whereas they were negative by the other methods. Moreover, the ELISA result for sample 6 was about 3D-fold higher than HPLC or GCI MS. The high variability of these results may be related to the diversity of extraction procedures and determination methods (based on completely different principles) used by thee different laboratories, as well as to the variety of matrices analyzed. Although only two samples of blue corn meal were tested in our survey, the extremely high fumonisin levels (>5~g/g) suggest this type of corn may present a particular problem relative to this toxin.
In a South African study, mean concentrations of FB I'
and FBz in feed samples incriminated in ELEM were 7.7 and 3.1~g/g, respectively (31) . Similarly, Ross et al. (21) found that 75 and 71 % of ELEM and porcine pulmonary edema cases, respectively, contained 'greater than 10~g/g FB L
•
Thus, it is not clear whether levels found in human foods to date may present a risk based on observed toxicity in farm animals. Thiel et al. (29) has emphasized the need for further risk assessment based on the lowest levels of fumonisins that precipitate lesions in experimental animals.
The results presented here suggest that the ELISA can be effective as a first tier screen for the thee major fumonisins in human foods. However, the elevated estimates for total fumonisin by ELISA compared to GC-MS and HPLC are problematic.
One possible explanation for these observations is that at higher levels, fumonisin recovery drops 
